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Introduction
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ÅFrom Corvallis to Mars ïA Short Biography

ÅImportant Engineering Leadership Qualities

ÅDecision-Making in the Presence of Uncertainty

ÅEntry, Descent and Landing (EDL) and Uncertainty in Mars Landings

ÅEntry, Descent and Landing Monte Carlo Simulation

ÅEngineering Decision Case Study: InSight TCM-6
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From Corvallis to Marsé
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Grew up in Beaverton, Oregon

1985 BS in Physics, Oregon State Univ.

1985-87 U.S. Peace Corps Volunteer, Belize

1988-93 Science Educator, OMSI

1995-99 MS/PhD Student UW AA Dept.

1999-2001 Attitude Control Engineer, Mars Odyssey

2000-2004 EDL Systems Engineer, MER Rovers

2004-2008 EDL Systems Engineer, Phoenix Mars Lander

2008-2010 EDL Systems Engr., NASA Constellation Program

2012-2018 EDL Team Lead, InSight Mars Lander

Science
Educator
10 years

Astronautical
Engineer
21 years

2018-2020 DDL System Engineer, NASA Artemis Program
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Important Engineering Leadership Qualities
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ÅRequisite Experience: Has the experience and record of success to be 

successful and elicit respect from the team

ÅTechnical Excellence: Has exemplary technical knowledge and skills, and is 

creative and innovative 

ÅSelflessness and Humble:  A leaderôs selflessness sets a tone of selflessness 

for the team

ÅCares About Team Members: Genuinely cares about the individuals on the team 

and seeks to promote their individual success

ÅPassion for the Project: Is passionate and committed to the project

ÅManages Uncertainty: Makes decisions and strategically manages in the 

presence of uncertainty
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Decision-Making in the Presence of Uncertainty
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ÅWhen training as an engineer, focus is often on learning and applying first 

principles where engineering problems are presented with certain parameters

ÅEngineering in the real world is awash in uncertainty!

ÅEngineering leadership requires the ability to manage and lead in the presence 

of uncertainty

ïEngineering and technical uncertainty

ïSchedule uncertainty

ïCost uncertainty

ÅLeading and decision-making in the presence of uncertainty requires 

acknowledging, accounting and planning for it
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ÅInSight landed on Mars on November 26, 2018

Mars Entry, Descent and Landing

2/9/2022 6

InSight EDL Architecture

ÅLanded in Elysium Planitia 

near the Martian equator

ÅUsed an entry vehicle, a 

parachute and descent 

rockets to perform the landing

Lander with Seismometer Deployed

artist rendition
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Uncertainty and Mars Landings
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ÅWhat types of uncertainty would you expect is faced by a Mars landing?

ÅWeôll take a moment to brainstorm Mars landing uncertainties via Zoom chat!

Uncertainty in the spacecraft performance

Parachute Configuration

Entry Vehicle

Lander
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ÅAerodynamics of the entry vehicle

ÅMass and center of mass location of the entry vehicle

ÅAerodynamics of the parachute

ÅPerformance of accelerometers and gyroscopes

ÅThrust from the lander rocket engines

Uncertainty in the environment of Mars

Å Structure of the atmosphere on landing day (density)

Å Velocity of winds by altitude

Å Landing location relative to hazards seen and unseen
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Monte Carlo Simulation
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ÅMonte Carlo techniques are statistical methods of modeling and analyzing 

complex systems, first named as such shortly after the end of World War II

ÅIt is a method by which many variations of a simulation are run to generate a 

comprehensive set of outcomes, which can be statistically assessed and 

analyzed

ÅBecause it is impossible to test a Mars landing system on Earth (wrong gravity 

and atmosphere), Monte Carlo simulation is used extensively in EDL systems 

engineering

ÅMonte Carlo input parameters are treated as random variables to capture the 

range of uncertainty expected during the landing

ÅLanding Monte Carlos often simulate many thousands of individual landings

ïInSight typically simulated 8000 landings per Monte Carlo
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Entry, Descent and Landing Monte Carlos
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Input distributions representing 

expected uncertainties

Six Degree of 

Freedom

Monte Carlo 

Simulation

Spacecraft

Mass

Spacecraft

Drag

Mars Wind

Field

é

Output distributions representing the range and 

likelihood of outcomes

Spacecraft

Heating

Parachute

Deployment

Altitude

Touchdown

Velocity

Often run on a supercomputer

é

Inputs are randomly sampled 

from uncertainty distributions
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System Performance and Statistics

2/9/2022

8 9 10 11 12
0

200

400

Max Hypersonic Decel Loads (Gs)

8 9 10 11 12
0

1000

2000

56 58 60 62 64 66
0

200

400

Max Hypersonic Heat Rate (W/cm2)

56 58 60 62 64 66
0

1000

2000

2700 2800 2900 3000 3100 3200
0

200

400

Max Hypersonic Integrated Heating (J/cm2)

2700 2800 2900 3000 3100 3200
0

1000

2000 Requirements

Heat Rate < 80 W/cm2

Integrated Heating < 3320 J/cm2

Decel Loads < 13 g

ÅPerformance histograms and their 

associated statistics provide an 

understanding of the likelihood of 

performance from the system given 

the uncertainties expected

ÅIn EDL systems engineering, 

performance statistics are tracked 

and assessed against limits that are 

often based on engineering 

requirements

ÅOften the focus is on the tails of the 

distributions, looking at 99%-tile 

performance

ÅThe distributions are used to make 

engineering decisions while 

accounting for uncertainty
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Landing Footprint
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ÅAn EDL Monte Carlo simulation also 

provides a set of dispersed landing points, 

with each point presenting the landing 

location from a single trajectory in the Monte 

Carlo

ÅThe distribution of points often 

approximates a bivariate Gaussian

ÅAn ellipse drawn at the 3-sigma boundary of 

the distribution and is referred to as the 

landing footprint

ÅThe footprint represents the uncertainty in 

landing location and is used in the process 

of making landing targeting decisions

Dispersed Landing Points
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InSight Landing Region ïElysium Planitia
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Mission Design Ellipse

ÅThe Elysium Planitia landing region is 

generally very flat and safe (like a big 

parking lot)

ÅThrough images taken from orbit, planetary 

scientist characterized the different terrain 

types

ÅThe Mission Design Ellipse is the official 

landing location selected before launch
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Engineering Decision Case Study: InSight TCM-6
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ÅTrajectory Correction Maneuvers (TCMs) are 

small rocket burns to keep the spacecraft on 

the correct trajectory to Mars

ÅInSight had 6 TCMs planned on the way to 

Mars

ÅTCM-1, TCM-2, TCM-3 and TCM-5 were 

performed

ÅTCM-6, the final maneuver, was planned for 

22 hours before landing, a final opportunity 

to adjust the location of the landing footprint

ÅInSight project leadership had to make a 

decision about executing TCM-6 in the 

presence of uncertainty
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InSight Planned Trajectory Correction Maneuvers
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TCM-6: The Decision Room
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